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TO DETERMINE THE EFFICACY OF HEADINGSIN THE
REPRESENTATION OF CLINICAL DATA.

S.Price, R.Summers
Health Informatics Research Group, Department of Information Science, Loughborough University, UK

Abstract-during the autumn of 2000, 80 clinicians took
part in a study to test a set of Clinical Headings
developed to facilitate clinical communication. Real-
world patient scenarios were used to develop a
simulator to test current and re-structured clinical
documentation. The relationship between perceived
use and actual results was explored. The project raised
awareness of the important issues from the clinical
perspective on the introduction of Headings in
electronic clinical notekeeping.

Keywords — clinical, data, documents, informatics,
structure, Headings.

I. INTRODUCTION

There is a history of poor communication between
primary and secondary care in the UK clinical
environment. Clinical documents do not aways
contain the information that recipients require to
support clinical practice. The document Information
for Health [1] recognised the need for improved
management of information  within  clinical
documentation. The NHS Plan [2] reinforces this
viewpoint and sets targets for 75% of hospitals and
50% of primary and community trusts to have
implemented an electronic patient record system by
2004 to level 3 which will support electronic
prescribing, integrated care pathways, order
communications and result  reporting.  This
commitment to creating an infrastructure will ensure
that patients as well as clinicians will have access to
information relating to treatment and planned care.

The development of a nationaly implemented
Electronic Health Record (EHR) and Electronic Patient
Record (EPR) will facilitate patient centred care as
envisaged in the NHS Plan. Patients will not only have
access to the information held in their medical records
but also will be able to control and monitor clinicians
access. A recognised benefit will be the development
of an infrastructure to support communication across
organisational boundaries. Treditionally
communication between primary and secondary care
has been predominately paper based. Recipients
complain that they cannot read handwriting, the
information contained in the document is not
appropriate to the clinical need at that moment in time
and that too large a percentage of documents,
especialy discharge letters do not reach the intended
recipient.

The UK situation, prior to implementation of the
EHR/EPR indicates a fragmented approach to system

development and implementation from both primary
and secondary care perspectives. The need for national
standards is evident. In order to facilitate effective
communication across organisational boundaries it is
essential that standards for document structure are
developed and tested. It is from this perspective that
the development of the UK government-funded
initiative to develop a set of Clinical Headings has
emerged.

A Loughborough University based project to test the
Headingsin a clinical environment took place between
April 1999 and January 2000. The project brought
together healthcare informatics professionals from the
academic, commercial and public sectors who were
able to demonstrate considerable experience in the
representation of clinical data in both the EPR and
EHR setting. Winchester and Eastleigh Healthcare
NHS Trust (WEHCT) were the clinical partner for the
project. The Trust provides a complex variety of
hospital and community health care for 220,000 people
living in central Hampshire The Royal Hampshire
County Hospital (RHCH), located in Winchester, is the
main acute hospital for the area and has over 500 beds.
Health centres and GP surgeries throughout the area
are the base for a broad range of Trust staff working
throughout the community. WEHCT pioneered the
development of the Integrated Clinical Record, (ICR).
Whilst much work has been done in devel oping paper-
based multidisciplinary noting, the Winchester
development was the first effort in Europe to develop
such a method of documentation using electronic
means.

Il. METHODOLOGY

The project focused on two main aress:
A. Coverage and Reliability of data input. Issues
addressed included:

* Can al key items of data appearing in clinica
record and communication documents be readily
and unambiguously placed under one Heading?

* How long does this take to carry out compared
with writing a conventional document?

» Do different clinicians place the same item under
the same Heading (between-observer reliability)?

* Does the same clinician place the same item under
the same Heading on a second occasion (within-
observer reliability)?
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B. Ease of finding and interpreting data items:. Issues

identified included:

e Can clinicians readily locate and retrieve key
items of patient data appearing in clinical records
and communications from documents re-
structured using the Headings?

Do they make the same inferences about the
patient's state when the document is structured
using the Headings as when it is structured the
usual way?

® How long does this take, compared with reading
and interpreting a conventional document?

The crucia dimension for the study was to compare
and contrast the use of the Headings with established
practice by employing a blend of qualitative and
guantitative methods. During the autumn of 2000, 80
clinicians (67 nurses and 13 doctors) working within
WECHT were randomly selected to take part in the
study in order to test the set of Headings. Eight real-
world patient scenarios were used, covering four
clinical areas: stroke, colonic surgery fractured neck of
femur and elderly rehabilitation. The four groups of
patients were identified to reflect current research
priorities and include chronic and acute conditions that
each has a different economic burden on the Trust and
the wider healthcare community. Six Clinician types
were identified (Consultants, Registrars, House
Officers, Ward Based Nurses, Specialist Nurses and
Community Nurses). Inclusion of a community nurse
enabled the study of communications and use of
Clinical Headings that cross the organisationa
boundary between secondary care and hedlth care in
the community. Four documents for each patient were
identified  (multidisciplinary = assessment  form,
multidisciplinary discharge document, a doctors full
discharge letter and a doctors clerking document). A
task analysis simulator was developed to test the use of
local documentation and clinical documents
restructured using the Headings.

The analysis of the data comprised three different
perspectives: questionnaire analysis, task analysis and
interview analysis. The inclusion of a questionnaire
allowed clinicians to record their perception of arange
of issues that surround the development and use of
Headings. The task analysis simulator was designed to
replicate an electronic clinical notekeeping system
providing access to local and Headings documents.
Selected clinicians were asked to use the simulator to
record their clinical profession, association with patient
type, clinical bleep number and work phone number.
The clinician were then asked to select a task (input or
retrieval) and patient from one of two clinica
scenarios. The clinician then carried out a series of pre-
determined tasks. These tasks were repeated using a
second patient scenario. Interviews were then
organised to discuss emergent issues from the task
analysis aspect of the project.
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I1l. RESULTS

A. Questionnaire Analysis

The gender distribution of participants was 13.8%
male and 86.2 % female. The gender distribution of
Medical staff interviewed (Consultants, Registrars and
House Officers) was 69.2% mae and 30.8% female.
This closely mirrors the national average (66.1% male
and 33.9% femae) [3]. The gender distribution of
nursing staff interviewed was 3% male and 97%
female. The number of female nurses interviewed was
dlightly higher than the nationa average (11.5% male
and 88.5% female). Responses indicate that 96% of
clinicians (n=77) use a computer at work. The 4% (n =
3) who do not use a computer at work are Doctors.
Furthermore, 56% of clinicians use a computer at
home. To €licit patterns of use of computers by the
clinicians taking part in the task analysis process,
further questions were asked about use of software
packages. The applications that were most used on a
daily basis were email (26.3%) and word processing
(16.3%). The World Wide Web was used weekly or
more often by 41.3% of clinicians, a weekly rate of use
(10.1%) for spreadsheets and for 7.5% for database
packages. Almost two-thirds of the clinicians admitted
that they never play computer games.

On completion of the task analysis clinicians were
asked to record their perceptions, relating to the time
taken to input clinical data into both local documents
and the same documents restructured using Headings.
The data collected allows comparisons between
perceptions and actual results from the task analysis
process. As expected, 61.2% of clinicians (n= 49),
thought that it had taken them longer to input
information into the Headings documents. Familiarity
with local document structure was the prevailing
reason for the impression that inputting information to
the local documents took less time. The clinicians were
more evenly divided when deciding if the retrieval of
information took longer from the local or Heading
documents. 46.2 % (n=37) thought that it took them
longer to retrieve information from Headings
documents, compared with 38.8% (n=31) who thought
retrieval from loca documents was quicker.
Interestingly, 15% (n=12) of clinicians thought that
retrieval was about the same time for both documents.
Several clinicians commented that the layout of the
Headings document helped to aid navigation around
the document, and therefore identification and retrieval
of requested information was perceived to be quicker.

B. Task Analysis

The research team identified clinical data that would
be found in the four documents selected for the task
analysis process. In total, nine questions were
formulated, severa of which were common to more
than one document. Clinicians were then asked to
record three items of clinical data in a document (1%
Heading, local document, 2™ Heading). The three data
items used for the task depended upon the clinicians



initial document selection. Several clinicians appeared
to hesitate when presented with certain items of
clinica data and expressed reservations about only
placing data under one Heading. Severa clinicians
sought clarification from the research team that it was
‘okay’ to place information in more than one place.
This issue arose when recording items of clinical data
that related to information about a patient’s condition,
such as ‘this patient is diabetic' or ‘this patient is
epileptic’. This information was recorded under a
Heading and then under a second Heading such as
Alerts or Problems.

Investigation of the perception of time taken to input
data into both local WECHT documents and Headings
documents compared with actual time taken show that
30% of clinicians thought that data entry had taken
longer for local WECHT documents, whereas in reality
the figure is 45%. This difference between actual and
perceived time taken may be explained by the fact that
clinicians were familiar with local documents.
However, the actual time taken suggests that the
structure and layout of the Headings documents may
have facilitated the expediency of data entry. These
results do not reflect the accuracy and precision of
clinical data being correctly placed within a Heading.

During the task analysis process clinicians did not
always take the opportunity to scroll through the whole
document before selecting a Heading to record
information. At the end of the data input exercise
several clinicians asked if they could delete
information from the selected Heading and relocate it.
This request was due to clinicians failure to become
aquatinted with all the available Headings combined
with the limited number of Headings that were
displayed on the screen at any one time. Clinicians
commented that they would benefit from more time to
familiarise themselves with the Headings, as not all
were intuitive or self-explanatory. During the data
input aspect of the task analysis several clinicians
suggested that, dependent upon the document and the
ultimate recipient of the document, only relevant
Headings be used. It was thought that this would
facilitate communication between secondary and
primary care.

Clinicians appeared to be more comfortable inputting
data into documents. The majority were familiar with
the loca headings but even taking this into
consideration, there was a variation in the headings
used to record information. Clinicians were asked to
record the same three items of clinical datain a second
Heading document. 61% (n=49) of clinicians placed
the same item under the same Heading on the second
occasion.

Investigation of the perception of time taken to retrieve
information from both local WECHT documents and
Headings documents compared with actual time taken
show that 40% of clinicians thought that information
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retrieval had taken longer for loca WECHT
documents, whereas in reality the figure is 22.5%. This
difference between actual and perceived time taken
may be explained by the clinicians familiarity with
local WECHT documents, this may have facilitated the
expediency of information retrieval.

Clinicians were asked to carry out a second task
relating to retrieval of information from two
documents (one local WECHT and one restructured
document using the Headings). The results indicate
that retrieval from local documents is quicker and may
be explained by clinicians familiarity with the local
documents. Many clinicians remarked that the
Headings documents appeared to be more user-friendly
than the WECHT documents. Retrieval of information
from Headings documents was facilitated by clearer
document design.

C. Interview Analysis

Eight clinicians (3 doctors, 5 nurses) were interviewed
to discuss the emergent themes from the task analysis
process. Six main themes emerged:

e The use of abbreviations and symbols - the
majority of clinicians interviewed thought that the
use of abbreviations and symbols were a practice
that should be discouraged, athough it was
acknowledged that they were currently used to
savetime.

e Use of Headings from a clinicians perspective-
The clinicians acknowledged that the introduction
of Headings would inevitably lead to a change in
the way clinicians work. The resulting change in
clinical practice was seen as a welcome
progression. The clinicians felt that there would
be some initial resistance to change, but this
would diminish as familiarity with document
structure increased.

+  Effect of Headings on patient care - it was felt that
the Headings would facilitate patient care in
several areas including facilitating the clinical
assessment process, the signposting of a clear list
of clinical problems, the ability to support the path
to a logical conclusion about a patient’s state of
health, reduce the instances of ‘lost
communication’, and, support the fluid care of
patients.

e Communication across organisational boundaries-
clinicians felt that the use of Headings within
clinical documents would ensure that clinicians
communicating across primary and secondary care
would be able to access the information that they
required more effectively.

» Data manipulation and flexibility-the clinicians
acknowledged that individual  clinicians
information requirement within a defined time
frame changes depending on a patients state of
health. All the clinicians varied on how they
would like to see clinical data represented
especiadly in the area of test results and



observations. There was a general acceptance that
the ability to manipulate the data into an
acceptable format for individual clinicians would
be welcome.

* Inclusion or exclusion of Headings that contain no
clinical data-several clinicians indicated that they
would not expect information in all Headings,
especiadly if they felt that it did not fall within
their role to collect the specific data. Some
indication of whether a negative response to
guestioning the patient would be welcomed by
some clinicians and others felt that only headings
that contained data should be included in the
document.

IV. DISCUSSION

Participants were concerned about the time taken to
input data and retrieve information from Headings
documents. Although not an issue that is directly
associated with the development of Headings,
clinicians who currently enter data on paper documents
are concerned that inputting clinical data into a
computer will take much longer, but at the same time
acknowledge that the use of Headings speeds up
information retrieval. This is an important finding as
the aim of any clinical record system should be to
facilitate the rapid retrieval of information and reduce
the level of errors. [4]

The participants accepted a degree of structure within
clinical documents and the benefits that this may bring
to clinical practice. Current practice obvioudy affects
this viewpoint. Clinicians need to be able to manage
patient information and access that which isrequired in
atimely manner. They are currently disappointed with
the inability to manipulate and adapt data formats.
Clinician perceptions of information overload are
exacerbated by the lack of flexibility in relation to
clinica data that current eectronic clinical noting
systems are able to support.

The use of an electronic hospital information system in
Winchester for clinica notekeeping appears to be
almost complete, and has received support from the
majority of clinicians. Both positive and negative
views were expressed by clinicians based on their
experience of using the WECHT Hospital Information
System. The mgjority of clinicians recognised the need
to move away from dual data entry (paper and
electronic) to data entry based solely on an electronic
system. As a result, there was an acceptance that in
order to accomplish this change, further development
of personal computer skills would be required in the
clinician population.

The issue of the order of the Headings within a
document is one that appears to require further
investigation. Essential data must be clearly
represented within a document structure [5]. Many
clinicians were quite insistent that the Headings should
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appear in a standard order with Alerts and Problems
always at the beginning of the document.

The key to successful adoption of a structure within
clinical documents is dependent upon clinicians
inputting the right information in the right place, this
will then facilitate the expedient retrieval of clinical
information.

V. CONCLUSION

This study provides a snapshot of the use of Headings
inaclinica setting by clinicians that possess a degree
of experience using an electronic patient record
keeping system.

Anecdotal evidence from observation of the task
analysis process indicates that some clinicians were
more comfortable than others in completing the tasks.
The corollary to this was the inclusion of clinicians
that crossed organisational and  professional
boundaries, giving arich source of different opinions.

Clinica record keeping in the NHS is clearly in a state
of transition. The change from paper based clinical
noting to electronic systems will go some way to the
facilitation of communication across professional and
organisational boundaries. The introduction of a
common set of Headings will require all stakeholders
in the process to engage in further discussion.

This project raised important issues from the clinical
perspective on the introduction of Headings in
electronic clinical notekeeping. To take advantage of
the interest generated, it is hoped that the introduction
of Headings can provide a timely intervention in the
debate surrounding clinical communication.

REFERENCES

[1] Information for Health. London: NHS Executive,
1998

[2] The NHS Plan. A plan for investment: a plan for
reform. London: Stationery Office, 2000

[3] NHS Hospital and Community Health Services:
Directly employed staff by sex at 30 September 1999.
Available at
http://www.doh.gov.uk?HPSSS/TBL_D3.HTM

[4] Wyatt, JC, Wright, P. Medical records. design
should help use of patient data. The Lancet. 1998; 352:
9137.

[5] Nygren, E, et a. Medica records. Helping
clinicians to find data and avoid delays. The
Lancet.1998; 352: 9138.


http://www.doh.gov.uk/?HPSSS/TBL_D3.HTM

	Main Menu
	-------------------------
	Welcome Letter
	Chairman Address
	Keynote Lecture
	Plenary Talks
	Mini Symposia
	Workshops
	Theme Index
	1.Cardiovascular Systems and Engineering 
	1.1.Cardiac Electrophysiology and Mechanics 
	1.1.1 Cardiac Cellular Electrophysiology
	1.1.2 Cardiac Electrophysiology 
	1.1.3 Electrical Interactions Between Purkinje and Ventricular Cells 
	1.1.4 Arrhythmogenesis and Spiral Waves 

	1.2. Cardiac and Vascular Biomechanics 
	1.2.1 Blood Flow and Material Interactions 
	1.2.2.Cardiac Mechanics 
	1.2.3 Vascular Flow 
	1.2.4 Cardiac Mechanics/Cardiovascular Systems 
	1.2.5 Hemodynamics and Vascular Mechanics 
	1.2.6 Hemodynamic Modeling and Measurement Techniques 
	1.2.7 Modeling of Cerebrovascular Dynamics 
	1.2.8 Cerebrovascular Dynamics 

	1.3 Cardiac Activation 
	1.3.1 Optical Potential Mapping in the Heart 
	1.3.2 Mapping and Arrhythmias  
	1.3.3 Propagation of Electrical Activity in Cardiac Tissue 
	1.3.4 Forward-Inverse Problems in ECG and MCG 
	1.3.5 Electrocardiology 
	1.3.6 Electrophysiology and Ablation 

	1.4 Pulmonary System Analysis and Critical Care Medicine 
	1.4.1 Cardiopulmonary Modeling 
	1.4.2 Pulmonary and Cardiovascular Clinical Systems 
	1.4.3 Mechanical Circulatory Support 
	1.4.4 Cardiopulmonary Bypass/Extracorporeal Circulation 

	1.5 Modeling and Control of Cardiovascular and Pulmonary Systems 
	1.5.1 Heart Rate Variability I: Modeling and Clinical Aspects 
	1.5.2 Heart Rate Variability II: Nonlinear processing 
	1.5.3 Neural Control of the Cardiovascular System II 
	1.5.4 Heart Rate Variability 
	1.5.5 Neural Control of the Cardiovascular System I 


	2. Neural Systems and Engineering 
	2.1 Neural Imaging and Sensing  
	2.1.1 Brain Imaging 
	2.1.2 EEG/MEG processing

	2.2 Neural Computation: Artificial and Biological 
	2.2.1 Neural Computational Modeling Closely Based on Anatomy and Physiology 
	2.2.2 Neural Computation 

	2.3 Neural Interfacing 
	2.3.1 Neural Recording 
	2.3.2 Cultured neurons: activity patterns, adhesion & survival 
	2.3.3 Neuro-technology 

	2.4 Neural Systems: Analysis and Control 
	2.4.1 Neural Mechanisms of Visual Selection 
	2.4.2 Models of Dynamic Neural Systems 
	2.4.3 Sensory Motor Mapping 
	2.4.4 Sensory Motor Control Systems 

	2.5 Neuro-electromagnetism 
	2.5.1 Magnetic Stimulation 
	2.5.2 Neural Signals Source Localization 

	2.6 Clinical Neural Engineering 
	2.6.1 Detection and mechanisms of epileptic activity 
	2.6.2 Diagnostic Tools 

	2.7 Neuro-electrophysiology 
	2.7.1 Neural Source Mapping 
	2.7.2 Neuro-Electrophysiology 
	2.7.3 Brain Mapping 


	3. Neuromuscular Systems and Rehabilitation Engineering 
	3.1 EMG 
	3.1.1 EMG modeling 
	3.1.2 Estimation of Muscle Fiber Conduction velocity 
	3.1.3 Clinical Applications of EMG 
	3.1.4 Analysis and Interpretation of EMG 

	3. 2 Posture and Gait 
	3.2.1 Posture and Gait

	3.3.Central Control of Movement 
	3.3.1 Central Control of movement 

	3.4 Peripheral Neuromuscular Mechanisms 
	3.4.1 Peripheral Neuromuscular Mechanisms II
	3.4.2 Peripheral Neuromuscular Mechanisms I 

	3.5 Functional Electrical Stimulation 
	3.5.1 Functional Electrical Stimulation 

	3.6 Assistive Devices, Implants, and Prosthetics 
	3.6.1 Assistive Devices, Implants and Prosthetics  

	3.7 Sensory Rehabilitation 
	3.7.1 Sensory Systems and Rehabilitation:Hearing & Speech 
	3.7.2 Sensory Systems and Rehabilitation  

	3.8 Orthopedic Biomechanics 
	3.8.1 Orthopedic Biomechanics 


	4. Biomedical Signal and System Analysis 
	4.1 Nonlinear Dynamical Analysis of Biosignals: Fractal and Chaos 
	4.1.1 Nonlinear Dynamical Analysis of Biosignals I 
	4.1.2 Nonlinear Dynamical Analysis of Biosignals II 

	4.2 Intelligent Analysis of Biosignals 
	4.2.1 Neural Networks and Adaptive Systems in Biosignal Analysis 
	4.2.2 Fuzzy and Knowledge-Based Systems in Biosignal Analysis 
	4.2.3 Intelligent Systems in Speech Analysis 
	4.2.4 Knowledge-Based and Neural Network Approaches to Biosignal Analysis 
	4.2.5 Neural Network Approaches to Biosignal Analysis 
	4.2.6 Hybrid Systems in Biosignal Analysis 
	4.2.7 Intelligent Systems in ECG Analysis 
	4.2.8 Intelligent Systems in EEG Analysis 

	4.3 Analysis of Nonstationary Biosignals 
	4.3.1 Analysis of Nonstationary Biosignals:EEG Applications II 
	4.3.2 Analysis of Nonstationary Biosignals:EEG Applications I
	4.3.3 Analysis of Nonstationary Biosignals:ECG-EMG Applications I 
	4.3.4 Analysis of Nonstationary Biosignals:Acoustics Applications I 
	4.3.5 Analysis of Nonstationary Biosignals:ECG-EMG Applications II 
	4.3.6 Analysis of Nonstationary Biosignals:Acoustics Applications II 

	4.4 Statistical Analysis of Biosignals 
	4.4.1 Statistical Parameter Estimation and Information Measures of Biosignals 
	4.4.2 Detection and Classification Algorithms of Biosignals I 
	4.4.3 Special Session: Component Analysis in Biosignals 
	4.4.4 Detection and Classification Algorithms of Biosignals II 

	4.5 Mathematical Modeling of Biosignals and Biosystems 
	4.5.1 Physiological Models 
	4.5.2 Evoked Potential Signal Analysis 
	4.5.3 Auditory System Modelling 
	4.5.4 Cardiovascular Signal Analysis 

	4.6 Other Methods for Biosignal Analysis 
	4.6.1 Other Methods for Biosignal Analysis 


	5. Medical and Cellular Imaging and Systems 
	5.1 Nuclear Medicine and Imaging 
	5.1.1 Image Reconstruction and Processing 
	5.1.2 Magnetic Resonance Imaging 
	5.1.3 Imaging Systems and Applications 

	5.2 Image Compression, Fusion, and Registration 
	5.2.1 Imaging Compression 
	5.2.2 Image Filtering and Enhancement 
	5.2.3 Imaging Registration 

	5.3 Image Guided Surgery 
	5.3.1 Image-Guided Surgery 

	5.4 Image Segmentation/Quantitative Analysis 
	5.4.1 Image Analysis and Processing I 
	5.4.2 Image Segmentation 
	5.4.3 Image Analysis and Processing II 

	5.5 Infrared Imaging 
	5.5.1 Clinical Applications of IR Imaging I 
	5.5.2 Clinical Applications of IR Imaging II 
	5.5.3 IR Imaging Techniques 


	6. Molecular, Cellular and Tissue Engineering 
	6.1 Molecular and Genomic Engineering 
	6.1.1 Genomic Engineering: 1 
	6.1.2 Genomic Engineering II 

	6.2 Cell Engineering and Mechanics 
	6.2.1 Cell Engineering

	6.3 Tissue Engineering 
	6.3.1 Tissue Engineering 

	6.4. Biomaterials 
	6.4.1 Biomaterials 


	7. Biomedical Sensors and Instrumentation 
	7.1 Biomedical Sensors 
	7.1.1 Optical Biomedical Sensors 
	7.1.2 Algorithms for Biomedical Sensors 
	7.1.3 Electro-physiological Sensors 
	7.1.4 General Biomedical Sensors 
	7.1.5 Advances in Biomedical Sensors 

	7.2 Biomedical Actuators 
	7.2.1 Biomedical Actuators 

	7.3 Biomedical Instrumentation 
	7.3.1 Biomedical Instrumentation 
	7.3.2 Non-Invasive Medical Instrumentation I 
	7.3.3 Non-Invasive Medical Instrumentation II 

	7.4 Data Acquisition and Measurement 
	7.4.1 Physiological Data Acquisition 
	7.4.2 Physiological Data Acquisition Using Imaging Technology 
	7.4.3 ECG & Cardiovascular Data Acquisition 
	7.4.4 Bioimpedance 

	7.5 Nano Technology 
	7.5.1 Nanotechnology 

	7.6 Robotics and Mechatronics 
	7.6.1 Robotics and Mechatronics 


	8. Biomedical Information Engineering 
	8.1 Telemedicine and Telehealth System 
	8.1.1 Telemedicine Systems and Telecardiology 
	8.1.2 Mobile Health Systems 
	8.1.3 Medical Data Compression and Authentication 
	8.1.4 Telehealth and Homecare 
	8.1.5 Telehealth and WAP-based Systems 
	8.1.6 Telemedicine and Telehealth 

	8.2 Information Systems 
	8.2.1 Information Systems I
	8.2.2 Information Systems II 

	8.3 Virtual and Augmented Reality 
	8.3.1 Virtual and Augmented Reality I 
	8.3.2 Virtual and Augmented Reality II 

	8.4 Knowledge Based Systems 
	8.4.1 Knowledge Based Systems I 
	8.4.2 Knowledge Based Systems II 


	9. Health Care Technology and Biomedical Education 
	9.1 Emerging Technologies for Health Care Delivery 
	9.1.1 Emerging Technologies for Health Care Delivery 

	9.2 Clinical Engineering 
	9.2.1 Technology in Clinical Engineering 

	9.3 Critical Care and Intelligent Monitoring Systems 
	9.3.1 Critical Care and Intelligent Monitoring Systems 

	9.4 Ethics, Standardization and Safety 
	9.4.1 Ethics, Standardization and Safety 

	9.5 Internet Learning and Distance Learning 
	9.5.1 Technology in Biomedical Engineering Education and Training 
	9.5.2 Computer Tools Developed by Integrating Research and Education 


	10. Symposia and Plenaries 
	10.1 Opening Ceremonies 
	10.1.1 Keynote Lecture 

	10.2 Plenary Lectures 
	10.2.1 Molecular Imaging with Optical, Magnetic Resonance, and 
	10.2.2 Microbioengineering: Microbe Capture and Detection 
	10.2.3 Advanced distributed learning, Broadband Internet, and Medical Education 
	10.2.4 Cardiac and Arterial Contribution to Blood Pressure 
	10.2.5 Hepatic Tissue Engineering 
	10.2.6 High Throughput Challenges in Molecular Cell Biology: The CELL MAP

	10.3 Minisymposia 
	10.3.1 Modeling as a Tool in Neuromuscular and Rehabilitation 
	10.3.2 Nanotechnology in Biomedicine 
	10.3.3 Functional Imaging 
	10.3.4 Neural Network Dynamics 
	10.3.5 Bioinformatics 
	10.3.6 Promises and Pitfalls of Biosignal Analysis: Seizure Prediction and Management 



	Author Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	Ö
	P
	Q
	R
	S
	T
	U
	Ü
	V
	W
	X
	Y
	Z

	Keyword Index
	-
	¦ 
	1
	2
	3
	4
	9
	A
	B
	C
	D
	E
	F
	G
	H
	I
	i
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Committees
	Sponsors
	CD-Rom Help
	-------------------------
	Return
	Previous Page
	Next Page
	Previous View
	Next View
	Print
	-------------------------
	Query
	Query Results
	-------------------------
	Exit CD-Rom


